Abstract Stuttering is a common speech disorder with substantial genetic contributions. To better understand the genetic factors involved in stuttering, we performed a genome-wide linkage study in a newly-ascertained consanguineous stuttering family from Pakistan. A linkage scan in this family using parametric linkage analysis revealed significant linkage only on chromosome 3q13.2-3q13.33, with a maximum two-point LOD score of 4.23 under an autosomal recessive model of inheritance.
Stuttering is a disorder of the flow of speech characterized by involuntary repetitions or prolongations of sounds or syllables, and by interruptions of speech known as blocks. While twin and family studies have suggested substantial heritability for this disorder, linkage studies have identified few highly significant linkage signals, and numerous suggestive linkage signals (Riaz et al. 2005; Shugart et al. 2004; Suresh et al. 2006; Wittke-Thompson et al. 2007 ). Because of marginally significant linkage scores and difficulties reproducing linkage observations across studies, we sought to increase the power to detect linkage using highly consanguineous families.
This study was approved by the Institutional Review Board (IRB) of the National Institutes of Health, USA (protocol number 97-DC-0057) and the IRB of the Center of Excellence in Molecular Biology, University of the Punjab, Lahore, Pakistan. Blood and speech samples were collected from all the available individuals of a consanguineous family (PKST77, Fig. 1 ), and written informed consent was obtained from each subject. Stuttering diagnosis was performed using the Stuttering Severity Instrument, 3rd edition (SSI-3) with individuals displaying severity scores above 16 (very mild) defined as affected. All individuals scored as affected were persistent stutterers, aged eight years or above who have stuttered for more than 6 months. A genome-wide linkage scan was performed using 6,090 SNPs assayed on the Illumina Human Linkage-12 Chip. Two-point parametric linkage analysis was performed using SuperLink v1.4 from the EasyLinkage v5.08 package (Hoffmann and Lindner 2005) . The disease allele frequency was set at 0.01 and Caucasian allele frequencies provided by Illumina were used for the analysis. Due to the high degree of consanguinity in this family and in the Pakistani population, autosomal recessive inheritance was assumed. Significant evidence of linkage, with a LOD score of 3.23, was found at SNP rs7631540 on chromosome 3q13.31 (115.31 Mb) ( Fig. 1 ). Multipoint analysis generated additional evidence for linkage, and an analysis including markers rs1317244, rs7631540, D3S1310, and D3S1303 under a recessive model generated a LOD score of 4.92. One individual in PKST77 (#36) carries the stutteringassociated diplotype across part of this interval but he does not stutter. The genetics of stuttering are known to be complex (Suresh et al. 2006 ), and we hypothesize that this represents a case of non-penetrance, perhaps due to recovery from early childhood stuttering, both of which have previously been documented in this disorder (Kang et al. 2010) .
A previous linkage study reported a nominal linkage on chromosome 3q, although somewhat more distally, at 192.02 Mb (Wittke- Thompson et al. 2007) . A previous candidate gene association study of stuttering found a suggestive association with variants in the DRD2 dopamine receptor gene (located on chromosome 11) (Lan et al. 2009 ). Another member of the dopamine receptor gene family (DRD3) is found in our linkage region. We sequenced all coding exons of this gene in all family members, however, no genetic variation was observed. In addition to the DRD3 gene, there are 46 known and predicted genes in this region of chromosome 3q (3.24 Mb). Consanguineous families may provide a generally powerful resource for identifying linkage for this complex trait.
